( Reaffirmed 2002 )

Capacitors Sectional Committee, LT 5

NATIONAL FOREWORD This Indian Standard, which is identical with IEC Pub 38414/QC 302400 (1993-07) `Fixed capacitors for use in electronic equipment Part 14 : sectional specification : Fixed capacitors for electromagnetic interference suppression and connection to the supply mains ' , issued by the International Electrotechnical Commission, was adopted by the Bureau of Indian Standards on the rccommcndation of Capacitors Sectional Committee and approval of the Electronics and Telecommunication Division Council (LTDC). The text of the IEC standard has been approved as suitable for publication as Indian Standard without deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly drawn to the following: a) b) Wherever the words `International Standard' appear rcfcrrring to this standard, they should be read as `Indian Standard'. Comma (J has been used as a decimal marker while in Indian Standards, the current practice is to.use a point (.) as the decimal marker.

In thisadopted standard,referenceappears to certain International Standards for which Indian Standards alsoexist. The corresponding Indian Standards which arc to bc substituted in their place arc listed below along with their degree of equivalence.
Internarional Standards Corresponding Indian .J'lmdards IS QC 300000 Fixed capacitors for use in electronic cquipmcnt. Gcncric specification Amendment No:2 Amcndmcnt No. 3 Amendment No. 4 Degree of Equivalence

IEC Pub 384-l QC 300000 (1982) Fixed capacitors for use in electronic equipment, Part 1: Generic specification Amendment No. 2 (1987) Amendment No. 3 (1989) Amendment No. 4 (1992) IEC Pub 384-8 QC 300600 (1988) Fixed capacitors foruse in electronic equipment, Part 8: Sectional specification, fixed capacitors of ceramic dielectric class 1 IEC Pub 384-9 QC 300700 (1988) Fixed capacitors for use in electronic equipment, Part 9: Sectional specification, fixed capacitorsofceramicdicclectric class 2 IEC Pub QC 001001: (1986) Rules of the IEC quality assessment system for electronic components (IECQ) Amendment No. 1 (1992)

Identical

IS QC 30060OFixcd capacitors for USC in clcctronic equipment. Sectional specification, fixed capacitors ceramic diclcctric class 1

Identical

IS QC 300700 Fixcti capacitors for USC in electronic cquipmcnl. Sectional spccificalion, fixed capacitors ceramic diclcclric class 2

Identical

IS QC 00 1001: (19X8) Basic rules of the IEC quality asscssmcnt system for electronic components (IECQ) Amcndmcnt No. 1

Identical

(Continued on third cover)

1s QC 302400:1994 IECQC 302400:1993

Indian Standard FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT SECTIONAL SPECIFICATION FOR FIXED CAPACITORS FOR ELECTROMAGNETIC INTERFERENCE SUPPRESSION AND CONNECTION TO THE SUPPLY MAINS
SECTION ONE - GENERAL 1. 1.1 General Scope This standard applies to fixed capacitors and resistor-capacitor combinations for electromagnetic interference suppression (formerly called radio interference suppression) for use within, or associated with, electronic or electrical apparatus and machines where the capacitors will be connected to a supply mains with a voltage not exceeding 500 V d.c. or 500 V a.c. (r.m.s.) between conductors or 250 V d.c. or 250 V a.c. (r.m.s.> between any one conductor and earth and with a frequency not exceeding 100 Hz. This standard prescribes tests which are appropriate when the suppression capacitor is to be connected to the supply mains. The relevant equipment specification may also prescribe other circuit positions where capacitors meeting the requirements of this specification shall be used. Combinations of two or more capacitors within one enclosure are included within the scope of this standard. Series resistor-capacitor combinations are within the scope of this standard provided that the resistor is in the same enclosure, and the resultant equivalent series resistance of the combination does not exceed 1 kn. Parallel resistor-capacitor combinations where the resistor acts asp_ a discharge resistor for the capacitor are within the scope of this standard. Capacitors for special environmental conditions (e.g. drip-proof, splash-proof) may have to comply with additional requirements. Notes. -For notes on the application of electromagnetic interference suppression capacitors see IEC Publication 940. 1.2 Object The principal object of this standard is to prescribe preferred rati*,,gs and characteristics and to select from IEC Publication 384-l (1982',, the and measuring m.ethods and appropriate quality assessment procedures, tests to give general performance requirements for this type 0% ciQ@.citor. Test severities and requirements prescribed in detail specifications referring to this sectional specification shall be of equal or higher performance level, lower performance levels are not permitted. A further object of this standard is to provide a schedule of safety tests to be used by National Testing Stations in countries where approval by such stations is required.

IS QC 302400 : 1994 IEC QC 302400 : 1993 1.3 Related documents

IEC Publications Publication 60-l (1989): High-voltage Test Techniques. Part 1: General Definitions Requirements. Marking Codes for Resistors

and Test

Publication

62

(1992):

and Capacitors.

Publication

63

(1963):

Number Series car Resistors and Capacitors. Amendment No. 1 (1967) Amendment No. 2 (1977) Environmental Testing.

Preferred

Publication Publication

68: 335-1 (1976):

Safety of Appliances.

Household Part 1:

and Similar Electrical General Requirements.

Publication

384-l

(1982):

Fixed Capacitors Equipment. Part Amendment No. 2 Amendment No. 3 Amendment No. 4 Fixed Capacitors Equipment. Part Fixed Capacitors Class 1. Fixed Capacitors Equiplent. Part Fixed Capacitors Class 2. Sampling Plans by Attributes.

for Use in Electronic 1: General Specification. (1987) (1989) (1992) for Use in 8: Sectional of Ceramic Electronic Specification: Dielectric,

Publication

384-8

(1988):

Publication

384-9

(1988):

for Use in 9: Sectional of Ceramic

Electronic Specification: Dielectric,

Publication

410

(1973):

and Procedures

for

Inspection

Publication

536

(1976):

Classification of Electrical and Electronic Equipment with regard to Protection Against -Electrical Shock. Flat, Quick-connect Terminations.

Publ'cation

760

(1989):

Publications (1980 and

664 1981)

and

6648:

Insulation Co-ordination within Low-voltage Systems including Clearances and Creepage Distances for Equipment. Connecting Devices for Household and Installations. (junction and/or tapping) Similar Fixed Electrical

Publication (1980 and

685: 1983)
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IS QC 302400:1994 IECQC 302400:1993 Publication 940 (1988): Guidance Information on the Application of Capacitors, Resistors, Inductors and Complete Filter Units for Radio Interference Suppression. Methods of Measurement of the Suppression Characteristics of Passive Radio Interference Filters and Suppression Components. Basic Rules of the IEC Quality Assessment System for Electronic Components (IECQ). Amendment No. 1 (1992) Rules of Procedure of the IEC Quality Assessment System for Electronic Components (IECQ) . Amendment No. 1 (1992)

CISPR Publication

17 (1981):

Publication QC 001001

(1986):

Publication QC 001002

(1986):

IS0 Publication= IS0 Standard 3 (1973): Preferred Numbers - Series of Preferred Numbers.

Note. -The above references apply to the current editions except for IEC Publication 68, for which the referenced edition in the applicable test clauses of the generic specification shall be used. 1.4 Information to be given in a detail specification Detail specifications specification. shall be derived from the relevant blank detail

Detail specifications shall not specify requirements inferior to those of the generic, sectional or blank detail specification. When more severe requirements are included, they shall be listed in Subclause 1.9 of the detail specification, and indicated in the test schedules, for example by an asterisk. Note. -The information given in Subclause 1.4.1 may for convenience be presented in tabular form. The following information shall be given in each detail specification and the values quoted shall preferably be selected from-the appropriate clause of this sectional specification. 1.4.1 Outline drawing and dimensions There shall be an illustration of the capacitor as an aid to easy recognition and for comparison of the capacitor with others. Dimensions and their associated tolerances, which affect interchangeability and mounting, shall be given in the detail specification. All dimensions shall preferably be stated in millimetres, however, when the original dimensions are given in inches, the converted metric dimensions in millimetres shall be added.
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IS QC 302400:1994 IECQC 3024oO:lYY3 Normally the numerical values shall be given for the length, width and height of the body and the wire spacing, or for cylindrical types, the body diameter and the length and diameter of the terminations. When necessary, for example when a number of capacitance values/voltage ranges are covered by a detail specification, their dimensions and their associated tolerances shall be placed in a table below the drawing. When the configuration is other than that described above, the detail specification shall state such dimensional information as will adequately describe the capacitor. When the capacitor is not designed for use on printed boards, this shall be clearly stated in the detail specification. 1.4.2 Mounting The detail specification shall specify the method of mounting to be applied for normal use and for the application of the vibration, bump or shock tests. The capacitors shall be mounted by their normal means. The design of the capacitor may be such that special mounting fixtures are required in its use. In this case, the detail specification shall describe the mounting fixtures and they shall be used in the application of the vibration, bump or shock tests. 1.4.3 Ratings and characteristics The ratings and characteristics shall be in accordance with the relevant clauses of Section Two of this specification, together with the following: 1.4.3.1 Rated capacitance range See Subclause 2.2.1. Note. -When products approved to the detail specification have different ranges, the following statement should be added: "The range of values available in each voltage range is given in the qualified products list." 1.4.3.2 Rated resistance range (if applicable) See Subclause 2.2.4. 1.4.3.3 Particular characteristics Additional characteristics may be listed, when they are considered necessary to specify adequately the component for design and application purposes. 1.4.4 Marking The detail specification shall specify the content of the marking on the capacitor and on the package. 1.5 Terminology Note. -Some definitions of IEC Publication 384-l have been expanded and this is indicated in the definitions by reference to this note.

IS QC 302400:1994 IECQC: 302400:1993 In addition to the applicable terms and definitions of IEC Publication 384-1, the following definitions apply: 1.5.1 A.C. capacitor A capacitor designed essentially for application with a power-frequency alternating voltage. Note. -A.C. capacitors may be used on d.c. supplies having the same voltage as the a.c. r.m.s. rated voltage of the capacitor. 1.5.2 Electromagnetic interference suppression capacitor (Radio interference suppression capacitor) A capacitor used for the reduction of electromagnetic interference caused by electrical or electronic apparatus, or other sources. 1.5.3 Capacitor or RC-unit of Class X A capacitor or RC-unit of a type suitable for use in situations where failure of the capacitor or RC-unit would not lead to danger of electric shock. Class X capacitors are divided into three sub-classes (see Table IA) according to the peak voltage of the impulses superimposed on the mains voltage to which they may be subjected to in service. Such impulses may arise from lightning strikes on outside lines, from switching in neighbouring equipment, or switching in the equipment in which the capacitor is used. TABLE IA

Sub-class

Peak impulse voltage in service > 2,s kV 5 4,0 kV

IEC 664 installation category III

Application

Peak impulse voltage Up applied before endurance test When CR 5 l,o pF UP = 4 kV When CR > l,o pF UP = & kV

Xl

High pulse application

x2

5 2,s kV

II

General purpose

< 1,O pF When CR _ = 2,s kV UP When CR > l,o pF Up = $$ kV

x3

5 1,2 kV

General purpose

None

Notes 1. -The factor used for the reduction of UP for capacitance values above 1,O pF maintains !&RUp' constant for these capacitance values. 2. -The Sub-class X3 corresponds to the Sub-class X2 described in Table I of IEC Publication 384-14, Edition 1.
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IS QC 302400:1994 IECQC 302400:1993 1.5.4 Capacitor or RC-unit of Class Y A capacitor or RC-unit of a type suitable for use in situations where failure of the capacitor could lead to danger of electric shock. Class Y capacitors are further divided into four Sub-classes Yl, Y2, Y3 and Y4, as shown in Table IB. TABLE Is

Sub-class

Type of insulation brllaged

Peak impulse voltage before endurance test 8,0 kV

Yl

Double insulation or reinforced insulat ioln Basic insulation or supplementary insulation Basic insulation or supplementary insulation Basic insulation or supplementary ixaulation > 150 v z 250 V > 150 v 1 250 V < 150 v

Y2

5,0 kV

Y3

None

Y4

2,s kV

Notes 1. -For definitions of basic, supplementary, double and reinforced insulation see IEC Publication 536, Sub-clauses 2.1, 2.2, 2.3 and 2.4. 2. -The Sub-class Y3 corresponds to the Class Y described in Subclause 4.4 of IEC Publication 384-14, Edition 1. The enclosure of a Yl-capacitor shall not contain other components. Otherwise assemblies may be constructed from Y-capacitors and X-capacitors provided these capacitors fulfil the requirements for the relevant X and Y Sub-classes. One Y-capacitor may bridge basic insulation. One Y-capacitor may bridge supplementary insulation. If combined basic and supplementary insulations are bridged by two Y2-, Y3- or Y4-capacitors in series, they shall have the same nominal value. 1.5.5 Two-terminal capacitor interference suppression capacitor having two terminals.

A electromagnetic See Figure 1.

r

--m--m

1

Fig.

1 - Two-terminal capacitor.

IS QC 302400:1994 IECQC 302400:1993 1.5.6 Series RC-unit A functional combination of a resistor in series with a capacitor of class X or Y. See Figure 2.

r

B---D_

-I

Fig. 2 - RC-unit. Note. -In this standard where the word "capacitor" appears the words "capacitor or RC-unit" shall be understood where the context permits. 1.5.7 Lead-throuph capacitor (coaxial) A capacitor with a central current-carrying conductor surrounded by a capacitor element which is symmetrically bonded to the central conductor and to the outer casing to form a coaxial construction. It should be mounted coaxially. See Figure 3.
Central conductor carrying supply current

Earthed circular mounting flange

Fig. 3 - Lead-through capacitor (coaxial). 1.5.8 Lead-through capacitor (non-coaxial)

A capacitor in which the supply currents flow through or across the electrodes. See.Figures 4a, 4b and 4c.

lL
1
I

a------

,LA -I2 ------Fig. 4a. - Lead-through

I

-+

---

-_--

capacitor for symmetrical use (non-coaxial).

I

I
I

LFig. 4b - Lead-through

Harthad metal case

7-l

capacitor for asymmetrical use (non-coaxial).
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IS QC 302400: 1994 IEC QC 302400 : 1993

Earthed

metal Case

Fig. 4c - Multiple unit lead-through capacitor (non-coaxial) for symmetrical and asymmetrical use.

Fig. 4d - Multiple unit lead-through capacitor. 1.5.9 By-pass capacitor A capacitor where radio-frequency interference currents are by-passed. There are three common forms: single, delta and T-connected. The single capacitor consists of a capacitor in a metal case with one termination connected to the case as in Figure 5a; the delta form consists of an X-capacitor and two Y2- or Y3-capacitors arranged in a delta network as in Figure 5b; the T-connected form consists of three capacitors CA, CD and CC connected in T as shown in Figure SC. The delta and T-connected forms are electrically equivalent (star-delta transformation). In the T-connected form the X-capacitor is the result of the series connection of CB - CC and the Y-capacitors are the result of the series connections of CA - CD and CA - CC. When T-connected capacitors are submitted to tests, and it is stated that voltages shall be applied across the X-capacitors, such voltages shall be applied between the line and neutral terminations. Similarly when it is stated that voltages shall be applied across the Y-capacitors, such voltages shall .be applied between the line and neutral terminations connected together and the earth termination.

r

-o----

1

Fig. 5a - Single by-pass capacitor.

Fig. Sb - Delta by-pass capacitor.

IS QC 302400:1994 IECQC 302400:1993

r

--m-w--

Fig. SC - Example of

a T-connected by-pass capacitor. is

Note. -For capacitors with non-metallic housings the earth connection brought out as a separate termination. 1.5.10 Rated voltage

The rated voltage is either the r.m.s. operating voltage of rated frequency, or the d.c. operating voltage, which may be applied continuously to the terminations of a capacitor at any temperature between the lower and the upper category temperatures. This implies, for capacitors covered by this specification, that the category voltage is the same as the rated voltage. 1.5.11 Rated power (of a series RC-unit) The maximum power which can be dissipated by the RC-unit at the rated temperature during continuous operation. 1.5.12 Uoner category temperature The maximum surface temperature for which the capacitor has been designed to operate continuously (see note in Subclause 1.5). Notes 1. -For lead-through capacitors and series RC-units the external surface temperature can be affected by internal heating due to the lead-through current. The terminations of a capacitor are considered to be part of the external surface. 2. -This definition replaces that in IEC Publication 384-l Subclause 2.2.14, because suppression capacitors in accordance with this specification are intended to be connected to the mains network and may have internal heat generation as a result. 1.5.1 Lower category temperature The minimum surface temperature for which the capacitor has been designed to operate continuously (see note in Subclause 1.5). Note. -This definition replaces that in IEC Publication 384-1, Subclause 2.2.15 (see Note 2 to Subclause 1.5.12 above). 1.5.14 Rated temperature (of a lead-through capacitor or series RC-unit)

The maximum ambient temperature at which a lead-through capacitor can carry its rated lead-through current or a series RC-unit can dissipate its rated power. Note. -This definition replaces that in IEC Publication 384-1, Subclause 2.2.16 (see Note 2 to Subclause 1.5.12 above).

IS QC 302400:1994 IEC:QC 302400:1993 1.5.15 Insertion loss The ratio of the voltage before and after the insertion of the suppressor as measured at the terminations. Note. -When measured in decibels, the insertion loss is 20 times the logarithm to base 10 of the ratio stated. 1.5.16 Rated current of the conductors (lead-through capacitor) The maximum permissible current flowing through the conductors of the capacitor at the rated temperature during continuous operation. 1.5.17 Main resonant frequency (two-terminal capacitor) The lowest frequency at which the impedance of the capacitor is a minimum when applying a sinusoidal voltage. 1.5.18 Impulse voltage An impulse voltage is an aperiodic transient voltage of a defined waveform as described in IEC Publication 60-l. 1.5.19 Passive flammability The ability of a capacitor to burn with a flame as a consequence of the application of an external source of heat. 1.5.20 Active flammability The ability of a capacitor to burn with a flame as a consequence of electrical loading. 1.6 Marking Subclause 2.4 of IEC Publication 384-1, with the following details: The information given in the marking is normally selected from the following list; the relative importance of each item is indicated by its position in the list:

a>manufacturer's
b)

cl
d)

e)
f)

k) 1) m)

name or trademark; manufacturer's type designation or the type designation given in the detail specification; capacitor class and sub-class; recognized approval mark; rated capacitance(s) and rated resistance; rated voltage and nature of supply (alternating'voltage may be indicated or -* by the symbol - and direct voltage by the symbol , -__ the method of connection, if necessary; rated current of the conductor (in the case of a lead-through capacitor); tolerance on rated capacitance if different from f 20 X; climatic category, followed by a letter indicating passive flammability category; rated temperature; year and month (or week) of manufacture; reference to the IECQ detail specification.

IS QC 302400:1994 IECQC 302400:1993 1.6.1 The capacitor shall be clearly marked with a), b), c) and d), and also e) and f) if these are not implied by b), and as many of the remaining items as is considered necessary by the manufacturer. The marking shall be sufficient to enable a clear identification of the component to be made: Any duplication of information in the marking on the capacitor should be avoided. 1.6.2 The package containing the capacitor(s) shall be clearly marked with all the information listed above. National approvals may be indicated by lettering as an alternative to the approval mark. Any additional marking shall be so applied that no confusion can arise.

1.6.3
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SECTION TWO - PREFERRED RATINGS AND CHARACTERISTICS
2. 2.1

Preferred ratings and characteristics Preferred characteristics The values given in detail specifications shall preferably be selected from the following:

2.1.1

Preferred climatic categories The capacitors covered by this specification are classified into climatic categories according to the general rules given in IEC Publication 68-l.
The lower and upper category temperature and the duration of the damp heat, steady state test shall be chosen from the following: Lower category temperature: -55 'C, -40 l C, -25 'C and -10 'C.

Upper category temperature: +85 'C, +lOO 'C and +125 'C. Duration of the damp heat, steady state test: 21 and 56 days. The severities for the cold and dry heat tests are the lower and upper category temperatures respectively.
For

guidance on the application of the categories described above, see IEC Publication 940. Preferred values of ratings Rated capacitance (CR) The preferred values of rated capacitance are: 1 - 1,s - 2,2 - 3,3 - 4,7 - 6,8 and their decimal multiples. These values conform to the E6 series of preferred values given in IEC Publication 63: Preferred Number Series for Resistors and Capacitors.

2.2 2.2.1

2.2.2

Tolerance on rated capacitance The maximum tolerance on rated capacitance is *20 %.

2.2.3

Rated voltage (UR) The preferred values of a.c. rated voltage are: 125 V, 250 V, 380 V, 400 V and 440 V.
Note.

-Electromagnetic interference suppression capacitors shall be chosen to have a rated voltage equal to or greater than the nominal voltage of the supply system to which they are connected. The design of the capacitors should take into account the possibility that the voltage of the system may rise by up to 10 X.above its nominal voltage.

12

IS QC 302400:1994 IIE(3QC 302400:1993 2.2.4 Rated resistance (RR) Preferred values of rated resistance shall be taken from the E6 series of IEC Publication 63. 2.2.5 Rated temperature The rated temperature for lead-through capacitors and series RC-units shall not be less than +40 'C. 2.2.6 Passive flammability The minimum category of passive flammability permitted is category C. See Subclause 4.17.
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IS QC 302400:1994 IECQC: 302400:1993 SECTION THREE - QUALITY ASSESSMENT PROCEDURES 3. 3.1 Quality Assessment Procedures Primary Stage of Manufacture For wound capacitors the primary stage of manufacture is the winding of the capacitor element. For single-layer ceramic capacitors it is the metallization of the dielectric to form the electrodes. For other types of capacitor it shall be the same as that given in the sectional specification for the dielectric used. 3.2 Structurally Similar Components

Capacitors considered as being structurally similar are capacitors produced with essentially the same processes and materials, though they may be of different case sizes and capacitance values, but of the same class and rated voltage. 3.3 Certified Records of Released Lots The information required in Subclause 3.5.1 of IEC Publication 384-l shall be made available when prescribed in the detail specification and when requested by a customer. After the endurance test the parameters for which variables information is required are capacitance change, resistance change (for RC-units), tan 6 and insulation resistance. 3.4 3.4.1 Approval testing Approval by National Testing Stations Tables II and IV form a schedule limited to tests concerning safety requirements to be used by National Testing Stations in countries where approval by such stations is required. Fixed sample size testing is employed according to the provisions of Subclause 3.4.3. 3.4.2 IECQ Qualification Approval Tables III and V are to be used when IECQ qualification approval is sought to a detail specification written according to IECQ rules; these tables include both safety and performance tests. The procedures for qualification approval testing are given in Subclause 3.4 of the Generic Specification, IEC Pubication 384-l. The schedules to be used for qualification approval testing on the basis of lot-by-lot and periodic testing according to Subclause 314.2a) of IEC Publication 384-l are given in Subclause 3.5 and Tables VIA and VIB of this specification. The schedule to be used for qualification approval testing on the basis of fixed sample sizes according to Subclause 3.4.2b) of IEC Publication 384-l is given in Subclause 3.4.3 and Table III of this specification. For the two procedures the sample sizes and the number of permissible defectives shall be of comparable order. The test conditions and requirements shall be the same. Qualification approval according to the fixed sample sizes of Table III is preferred.
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3.4.3 3.4.3.1

Qualification Sampling Capacitors separately

Approval

on

the

basis

of

the

fixed

sample

size

procedure

number of capacitors of each rated voltage in each group is given in Tables II and III. For multi-section capacitors containing sections of different classes and for lead-through capacitors, larger numbers are required as indicated.

of each qualified.

technology, The total

rated

voltage,

class

and

sub-class

shall

be

The sample shall contain equal numbers of specimens of the highest and lowest capacitance values in the range to be qualified, except for the passive flammability test of Subclause 4.17 and the active flammability test of Subclause 4.18. For the passive flammability test the rules of sampling in Subclause 4.17, Note 6 to Table II and Note 9 to Table III shall be followed. For the active flammability test the rules of sampling in Subclause 4.18, Note 7 to Table II and Note 10 to Table III shall be followed. Where only one capacitance value is involved, the total number of capacitors as stated in Tables II and III shall be tested%. Spare a) specimens are permitted value "0". as which follows: may be used to replace the permitted

One per defective

capacitance in Group

b)

The remainder of the spare to repeat any test according Table II or Table III.

specimens to the

may be required if it is necessary provisions of Note 1 of either

The numbers given in Group "0" If this is not so, the numbers

assume that all subgroups may be reduced accordingly.

are

applicable.

When additional groups are introduced into the qualification approval test schedule, the number of specimens required for Group "0" shall be increased by the same number as that required for the additional groups. Tables II and III give the or sub-group together with case. 3.4.3.2 Tests One of the complete series-of required for the approval of by one detail specification. in the order given. The whole subdivided tests indicated in Table II capacitors of a single rated The tests of each group shall or Table III is voltage covered be carried out number of specimens to the permissible number be tested in of defectives each group in each

sample shall be subjected for the other groups.

to

the

tests

of

Group

"0"

and

then

A specimen found to be defective be used for the other groups.

during.the

tests

of

Group

"0'

shall

not
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'

mOne defective" is counted when 81 capacitor has not satisfied the whole or part of the tests of a group. The approval is granted when the number of defectives does not exceed the specified number of permissible defectives for each group and sub-group and the total number of permissible defectives.

Note. -Tables II .nd IV or Tables III and V form the fixed sample size test schedule, Table II or Table XII includes the details for the sampling and perarissible defectives for the different tests or groups of tests. Table IV or Table V together with the details of test contained in Section Four give a complete summary of test conditions and performance requirements and indicate where for test methods or conditions of test a choice has to be made in the detail specification. The conditions of test and performance requirements for the fixed sample size schedule shall ibe identical to those prescribed in the detail specification .for the quality conformance inspection.

16

15:QC 302400: 1994 11X'QC 302400 : 1993

TABLE II Tests concerninn

- Sampling safety

plan only Permitted number of defectives per rated voltage and sub-class

requirements Number of specimens tested per rated voltage and sub-class 28+124)+ 65)+ (d-18)6)

;roup No.

Test

Subclause of this specification

Per Group 12)

Total

0

.Visual examination Capacitance Resistance3) Voltage proof Insulation resistance Spares Creepage distances clearances Robustness of terminations Resistance to soldering heat3) Solvent resistance of the marking Damp heat, state steady and

4.1 4.2.2 4.2.4 4.2.1 4.2.5 4.1.1 4.3 4.4 4.20 4.12 4.13 4.14 4.14.3 4.14.4 4.14.5 4.17 4.18

14+65)

6

01),2)

1A

2

10

01),2)

1

3

Impulse voltage Endurance Class X and RC-units Class Y and RC-units Lead-through7) Passive Active Notes flammability flammabilitp8)

124) 124) 65) 6-186) -8)

01) ,2) 0 0

6 7

all the tests of the group shall be 1) If one defective is obtained, repeated on a new sample and then no further defectives are permitted. The defective obtained in the first sample shall be counted for the total defectives permitted in the last column. 2) For Y-capacitors 3) 4) If applicable. no permanent short-circuit failures are permitted.

If multi-section capacitors consisting of X- and Y-capacitors are 12 specimens shall be taken for the tests on the to be tested, X-capacitors and 12 other specimens for the tests on the Y-capacitors. capacitors 9 to Table if III. lead-through capacitors are tested.

5) Additional 6) See Note

7) Attention is drawn to the option of carrying out a combined voltage/current test as prescribed in Subclause 4.14.6. 8) Under consideration. See Amendment to present document 40(Secretariat)677.
17
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IS QC 302400:1994 LECQC 302400:1993 TABLE III - Sampling plan Safety and performance tests Qualification Approval - Assessment level D

sroup No.

Test

Subclause Number of of this specimens specification tested per rated voltage and sub-class 4.1 4.1 4.2.2 4.2.4 4.2.3 4.2.1 4.2.5 50+125)+ 66)+ (6-18)9)

Permitted number of defectives per rated voltage and sub-clas:

Per Group 12)

Total

0

Visual examination Dimensions (gauging) Capacitance Resistance3) Tangent of loss angle8) Voltage proof Insulation resistance Spares

20 4.1 4.3 4.4 4.19
----__--___-__ I I I I I 6 : I ! --____ I I t I 12 I I I I ______ I I ! I I ! I I I i I I I ;

/\

4 I I I

ilA
I I I +----_ I I I

Dimensions (detail) Robustness of terminations Resistance to -soldering heat3) Component solvent resistance3)
____________________----

01)

_____

f1B
I I i --_--

Solderability3) Solvent resistance of the marking Rapid change of temperature Vibration Bump or Shock')
-__--_______-________c__

4.5 4.20 4.6 4.7 4.8 or 4.9
_---_----2_-__

01)

i I ----_I

Container sealing3)s4) 1 Climatic sequence 2 Damp heat, steady state Impulse voltage Endurance Class X and RC-units Class Y and RC-units Lead-throughlO) Charge/discharge3) Radio-frequency characteristics4) Passive flammability Active flammabilityll)

4.10 4.11 4.12 4.13 4.14 4.14.3 4.14.4 4.14.5 4.15 4.16
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3

125) 125) 66) 6 4

01),2)

4 5

01) 1

6 7

4.17 4.18 18

(6-18)9) -11)
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Notes 1)

If one 'defective is obtained, all the tests of the group shall be repeated on a new sample and then no further defectives are permitted. The defective obtained in the first sample shall be counted for the total defectives permitted in the last column. For Y-capacitors permitted. If applicable. If required in the detail specification. If multi-section capacitors consisting of X- and Y-capacitors are to be tested, 12 specimens shall be taken for the tests on the X-capacitors and 12 other specimens for the tests on the Y-capacitors. Additional capacitors Whichever Metallized if lead-through capacitors are tested. no permanent short-circuit failures are

2)

3) 4) 5)

6) 7) 8)

is prescribed by the detail specification. and ceramic capacitors only.

9,) The smallest, a medium (in the case of more than four case sizes) and the largest case size shall be tested. Of each case size, three specimens of the maximum capacitance and three specimens of the minimum capacitance shall be tested, resulting in six specimens per case size. 10) Attention is drawn to the option of carrying out a combined voltage/current test as prescribed in Subclause 4.14.6. 11) Under consideration. See Amendment to IEC Publication 384-14, at present document 40(Secretariat)677.
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TABLE IV Test schedule for safety tests only Notes 1. -Subclause numbers of test conditions and requirements Section Four: Test and measurement procedures. 2. -In this table: D = destructive, ND = non-destructive.
-

refer to

subclause number nnd Test [see Note 1)

D lr ID

Conditions of test :see Note 1)

Number of specimens (n) and number of permissible defectives (pd)
See

Lequirements see Note 1)

;ROUP 0
L.1

ID

Table II

Visual examination

lo visible damage .eg ible marking rithin specified tolerance rithin specified

i.2.2 Capacitance

b.2.4 Resistance (if applicable) 4.2.1 Voltage proof %ethod: . . .

:olerance Jo permanent ,reakdown or flashover 1s in Table IX

5.2.5 Insulation resistance
-

gethod: . . .
See

gROUP 1A 4.1.1 Creepage distances and clearances 4.3 Robustness of terminations Resistanw to soldering heat (if applicable: Solvent resistance of the marking

D

Table II
Ps 4.1.1

Severity: see detail specification No pre-drying I See detail specificatior for the method (1A or 1B)

Xo visible damage

4.4

4.20

Legible marking
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TABLE IV (continued)
-

Subclause number md Test {see Note 1)

D lr ID

Conditions of test (see Note 1)

i.4.2 Final measurements Visual examination Capacitance Resistance (if applicable) GROUP 2 1.12 Damp heat, steady state Group 0 measurements to be used Ceramic capacitors: half the sample with UR applied; other half with no voltage applied Other capacitors: no voltage applied b.12.3 Final inspection and measurements Visual examination D

Number of specimens (n) and number of permissible defectives (pd)
See

(equirements :see Note 1)

lo visible damage See Table XI iee Table XI

Table II

See

Table II

b.12.1 Initial measurements b.12.2 Test conditions

Jo visible damage Legible marking See Table XIII See Table XIII

Capacitance Resistance (if applicable) Voltage proof Insulation resistance GROUP 3 D
See

See Table XIII See Table XIII

Table II 4.13.1 Initial measurements 4.13 Impulse voltage Group 0 measurements to be used Number of impulses:. 24 max. Peak voltage: see Tables IA and IB See 4.13.2 and 4.13.:
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[see

Note 1)

L.14

Endurance Voltage, Current and Temperature: see 4.14.3, 4.14.4, 4.14.5 and

t.14.7 Final measurements

Visual examination

No visible damage Legible marking See Table XIV

Resistance (if applicable) Voltage proof Insulation resistance GROUP 6 4.17 Passive flaxnability D Under consideration*) I D V See Table II

See Table XIV

See Table XIV See Table XIV

See 4.17.1 b See Table II

GROUP 7 4.18 Active flannnability

*) See Note 8 on page 41.

IS QC 302400:1994 IEC:QC 302400:1993 TABLE V Test schedule for safety and performance tests Qualification Approval - Assessment level D Notes 1. -Subclause numbers of test and performance requirements refer to Section Four: Test and measurement procedures. 2. -In this table: D = destructive, ND = non-destructive.
-

subclause number and Test [see Note 1)

D )r ID

Conditions of test [see Note 1)

;ROUP 0 C.l Visual examination JD

Number of specimens (n) and number of permissible defectives (pd)
See

performance requirements (see Note 1)

Table III No visible damage Legible marking and as specified in the detail specification See detail specification Within specified tolerance Within specified tolerance ?requency: . . . See detail specification

4.1

Dimensions (gauging)

'1.2.2 Capacitance

i.2.4 Resistance (if applicable) i.2.3 Tangent of loss angle (metallized and ceramic capacitors only) L.2.1 Voltage proof

tiethod: . . .

No permanent breakdown or flashover See Table X

6.2.5 Insulation resistance GROUP 1A
4.1

Method: . . .

D

See

Table III Dimensions (detail) Robustness of terminations Severity: see detail specification See detail specification and Table VII No visible damage

4.3
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ISUC: 3024OO:lYY4 IEC: QC: 3024OO:lYY3 TABLE V (continued)
-

iubclause number lnd Test :see Note 1)

Conditions of test D II: :see Note 1) [D

-

Number of specimens (n) and number of permissible defectives (pd)
See

'erformance .equirements see Note 1)

-Jo pre-drying See detail specification Eor the method (1A or LB) solvent: . . . solvent tempdrature: lIethod2
Recovery: . . .

1.4

Resistance to soldering heat (if applicable)

Table III

r.19

Component solvent resistance (if applicable)

...

iee detail specifi:ation

1.4.2 Final measurements

Visual examination Capacitance Resistance (if applicable) _-_ __________-_________---D Without ageing For method see detail specification

Jo visible damage see Table XI see Table XI

________-----______-_

:ROUP 1B i.5 Solderability .(if applicable:

See

Table III ;ood tinning as evidenced by free Elowing of the sold@1 rith wetting of the terminations or solder shall flow within 3 s, as applicable
.

b.20

Solvent resistance of the marking

Solvent: ... Solvent temperature: ... Method 1 Rubbing material: cottor wool Recovery: . . .

Legible marking

b.6

Rapid change of temperature

3A - Lower category

temperature aB - Upper category temperature Five cycles Duration tl - 30 min

i.6.1 Final inspection

Visual examination

Jo visible damage
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'ubclause number nd Test see Note I)

D

r D

onditions of test see Note 1)

!Iumber of specimens (n) and number of permissible defectives (pd)
See

erformance equirements see Note 1)

).

7

Vibration

'or mounting method and everity see detail pecification leverity: . . .

Table III

..7.2

Final inspection Bump Shock

'isual examination

o visible damage

1.8 )r 1.9

'or mounting method and severity see detail specification ieverity: . . .

1.8.2 )r 1.9.2

Final measurements

risual examination Zapacitance

o visible damage ee Subclause 4.8.2 r 4.9.2 of this pecification iee Table XII
,___-__-----*
See

_______-_--_________. XOUP

1 Container sealing (if applicable) Climatic sequence

lesistance [if applicable) .-. _-______---___-__--_---D Cest Qc or Test Qd 1s prescribed in the ietail spec-ification

,__-_________-__-----

Table III i.10 lo evidence of .eakage

b.11

L.ll.l Initial measurements

Jeasurements made in b.4.2, 4.8.2 or 4.9.2 as appropriate Temperature: upper category temperature Duration: 16 h

4.11.2 Dry heat

4.11.3 Damp heat, cyclic, Test Db, first cycle
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IS QC 302400:1994 IECQC 302400:1993 TABLE V (continued)
-

ubclause number nd Test see Note 1)

D r D

fonditions of test see Note 1)

Number of specimens (n) and number of permissible defectives (pd)
See

lerformance bequirements see Note 1)

b.11.4 Cold

'emperature: lower :ategory temperature luration: 2 h

Table III

1.11.5 Damp heat, cyclic, Test Db, remaining cycles 1.11.6 Final measurements 7isual examination lo visible damage ,egible marking iee Table XII iee Table XII

Zapacitance Zesistance [if applicable) fan 6 (if applicable) 7oltage proof Cnsulation resistance ZROUP 2 1.12 Damp heat, steady state 3roup 0 measurements to be used D
See

iee Table XII iee Table XII See Table XII

Table III

i.

12.1 Initial measurements

i.12.2 Test conditions

Zeramic capacitors: half the sample with UB n applied; other half wit1 no voltage applied 3ther capacitors: no voltage applied

1.12.3 Final measurements

Visual exa&.ination

!Jovisible damage Legible marking

TABLE V (continued)
-

iubclause number Lnd Test :see Note 1)

D Conditions of test lr :see Note 1) ID

Zapacitance lesistance :2f applicable) fan 6 (if applicable) roltage proof tnsulation resistance ZROUP 3 1.13.1 Initial measurements D ;roup .Omeasurements to be used

Number of specimens (n) and number of permissible defectives (pd)
See

?erformance requirements :see Note 1)

see Table XIII see Table XIII

Table III

See Table XIII see Table XIII 3ee Table XIII
See

Table III

b.13

Impulse voltage

Wmber of impulses: 24 max. Peak voltage: . . . V, see Tables IA and IB Duration: 1 000 h Voltage, Current and Temperature: see 4.14.3, 4.14.4, 4.14.5 and 4.14.6

See 4.13.2 and 4.13.3

c.14

Endurance

6.14.7 Final measurements

Visual examination

No visible damage Legible marking See Table XIV See Table XIV

Capacitance Resistance (if applicable) Tan 6 (if applicable) Voltage proof Insulation resistance GROUP 4 4.15 Charge and discharge D Only for metallized and ceramic capacitors and RC-units using such capacitors 27
See

See Table XIV See Table XIV See Table XIV

Table III

IS QC 302400:1994 IECQC 302400:1993 TABLE V (continued)

Subclause number and Test (see Note 1)

D or ND

Conditions of test (see Note 1)

Performance Number of requirements specimens (see Note 1) (n) and number of permissible defectives (pd)

4.15.1 Initial measurements

Group 0 measurements may be used, provided the measuring conditions are the same as required for this test; in addition except for RC-units tan 6 shall be measured at: 10 RR2 for CR5 1 pF 1 kliZfor CR > 1 pF Capacitance Tan 6 at same frequency as initial measurement (not for RC-units) Resistance (if applicable) Insulation resistance

See Table III

4.15.3 Final measurements

See Table XV See Table XV

See Table XV

V See Table III

See Table XV

GROUP 5 4.16 Radiofrequency characteristics

ND If required in the detail specification; see detail specification for measuring method .D

See detail specification 1 See Table III See 4.17.1 1

GROUP 6 4.17 Passive flaxnability

GROUP 7 4.18 Active f laaxaability

D Under consideration*)

See Table III

*) See Note 8 on page 41. 3.5 Quality Conformance Inspection Before submission to the quality conformance inspection an appropriate 100 X voltage proof test between terminations according to Table VIII shall be made.
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The details Of this test shall be the prerogative of the manufacturer, but the time shall not be less than 1 s. If a d.c. test voltage is used instead of a.c. for class Y capacitors, it shall not be less than 1,8 times the a.c. test voltage in Table VIII. All defectives shall be removed from the lot prior to lot-by-lot testing. 3.5.1 Formation of inspection lots la) Groups A and B inspection These tests shall be carried out on a lot-by--lot basis according to Table VIA. A~manufacturer may aggregate the current production into inspection lots subject to the following safeguards:

(1)

The inspection lot shall consist of structurally similar capacitors (see Subclause 3.2~). The sample tested shall be representative of the values and dimensions contained in the inspection lot: - in relation to their number; - with a minimum of five of any one value.

(2a)

(2b)

If there are less than five of any one value in the sample' the basis for the drawing of samples shall be agreed between the manufacturer and the National Supervising Inspectorate. For Group A tests, the inspection lot shall consist of components of the same rated voltage, class and sub-class and shall be taken from one continuous production run. No defectives are permitted for class Y capacitors in the voltage proof test. For Group B tests, the inspection lot shall consist of components produced with similar processes and mate~rials, as related to the test concerned.

(b) Group C inspection These tests shall be carried out on P periodic basis. The samples shall be representative of the current production of the :specified periods and shall be taken from the same rated voltage, class and sub-class. In subsequent periods other case sizes in production shall be tested with the aim of covering the whole range of the approval. No defectives are permitted for class Y capacitors test. 3~.5.2 Test Schedule The schedule for the lot-by-lot and periodic tests for Quality Conformance Inspection is given in Section Two, Table IV of the Blank Detail Specification, 'e.g. IEC Publication 384-14-1. in the voltage proof
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IS YC: 302400:1994 IE(:(j(' 302400:1993 3.5.3 Delayed delivery Re-inspection, in the case of delayed delivery shall be carried out at intervals not exceeding three years. When according to the procedures of IEC Publication 384-1, Subclause 3.5.2, re-inspection has to be made, voltage proof at the full relevant test voltage, capacitance, resistance (if applicable) and insulation resistance shall be checked as specified in Group A inspection and solderability shall be checked according to Group B inspection. 3.5.4 Assessment levels

The assessment level(s) given in the blank detail specification shall preferably be selected from the following Tables VIA and VIB: TABLE VIA Inspection sub-group** B*
'

c*
AQL x

D
AQL x

E*
AQL x

IL

IL

IL

IL

AQL x

Al A2 'Bl

II II s-3 IL - inspection level AQL - acceptable quality level TABLE VIB

1,s 0,25 2.5

Inspection sub-group** p ClA ClB*** Cl
c2

B* n c p

c* n c p 6 6 6 6

D n 6 12 18 10 c 0 0 1 0 p

E* n c

c3 > Class X Class Y ; Lead-through) c4 c5 C6 Cl
p a c Notes

12 > 12 )O 6 1 6 1 6 4 1 12 0 12 . 6-18 3
12 0

periodicity in months sample size permitted number of defectives

concerning Tables VIA and VIB: The assessment levels B, C and E are under consideration. The content of the Inspection sub-groups is described in Section Two of the relevant blank detail specification. The vibration, bump and shock tests in this sub-gtoup are required to
be carried out every 12 months only. for 30 Group C7 ara under consideration. procedure and sampling

* f* -

The test
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SECTION FOUR - TEST AND MEASUREMENT PROCEDURES 4. Test and measurement procedures

This section supplements the information given in IEC Publication 384-1, Section Four. 4.1. Visual examination and check of dimensions See IEC Publication 384-1, Subclause 4.4, with the following additional details: 4.1.1 Creepage distances and clearances Creepage distances and clearances on the outside of the capacitor between live parts of different polarity or between live parts and a metal case shall not be less than the appropriate values given in Table VII. TABLE VII

Range of rated voltages OB 5 130 V 130 < UB 2 250 V 250 < UB 5 440 V Points of measurement Creepage Clearance Creepage Clearance Creepage Clearance distance distance distance nnn Between live parts of different polarity (1) Between live parts and other metal parts over basic insulation (2) Between live parts and other metal parts over reinforced insulation (3) 280 mm 185 sxl 3,O mm 2,5 mm 4,O mm 3,O

2,O

1,5

4,O

3,O

890

8,O

8,O

8,O

This table is extracted from the table in IEC Publication 335-1, Clause 29. Further information may be obtained by reference to the full table. Compliance shall be checked by measurement according to the rules laid down in IEC Publication 335-l for measurements on the outside of the capacitor. Additional requirements may be necessary, e.g. for drip-proof and splashproof capacitors.
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ISQC 302400:1994 IECQC 302400:1993 Notes to Table VII: 1. -These limits shall be used for measurements between terminals of an X-capacitor. 2. -These limits shall be used for measurements between either terminal and the metal case of an X-capacitor, and for measurements between terminals or between either terminal and the metal case of a Y2-, Y3or Y4-capacitor. 3. -These limits shall be used for measurements between the terminals of a Yl-capacitor. 4.2 4.2.1 Electrical tests Voltage proof See Subclause 4.6 of IEC Publication 384-l with the following details: 4.2.1.1 Test circuit for d.c. tests Omit the capacitor Cl if the capacitor under test or a section of it is a metallized film or metallized paper capacitor. The product of Rl and (Cl + CX) shall be less than or equal to 1 s and greater than 0,Ol s. Rl includes-the internal resistance of the power supply. Rp shall limit the discharge current to a value equal to or less than 0,OS A. 4.2.1.2 Test circuit and method for a.c. tests When for qualification approval and periodic tests a SO/60 Hz voltage is applied, the voltage shall be supplied from a transformer fed from a variable auto-transformer, and the voltage shall be raised from near zero to the test voltage at a rate not exceeding 150 V/s. The test time shall be counted from the time the test voltage is reached. At the end of the test time the test voltage shall be reduced to near zero and the capacitor discharged through a suitable resistor. For lot-by-lot and 100 X testing the voltage shall be applied directly at the full test voltage, but care should be taken to avoid overvoltage peaks. 4.2.1.3 Applied voltage The voltage given in Table VIII shall be applied between the measuring points of Table I of IEC Publication 384-l for a period of 1 min for qualification approval and periodic testing and for a period of 2 8 for lot-by-lot quality conformance testing, with the following details:

a) Test according to 2c) of Table I of IEC Publication 384-l shall not be
made. b) For encapsulated units with a non-metallic case, a voltage proof tezt as Test C shall be carried out only for qualification approval te8t8 and periodic tests.
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ISyc 3024OO:IYY4 IlX:Qc 302400:19Y3 c) The method of applying the test voltage for Test C shall be given in the detail specification. For qualification testing the foil method of IEC Publication 384-1, Subclause 4.5.3.1 shall be used, unless otherwise specified in the detail specification. Attention is drawn to the fact that repetition of the voltage proof test by the user may damage the capacitor.

TABLE VIII - VOLTAGE PROOF

Class

Range of rated voltages 5 500 v

Test A

Test B or C

Xl x2 x3

4,3 UR (d.c.)

2 UR + 1 500 V (a-c.) with a minimum of 2 000 V (a.c.)l)

Yl

5 250 V

4 000 V (a.c.>

4 000 V (a.c.)

Y2 Y3

> 150 v z 250 V

1 500 V (a.c.)2) 2 UR + 1 500 V (a-c.) with a minimum of 2 000 V (a.c.)2)

Y4

< 150 v

900 V (a.c.)2)

900 V (a.c.)2)

Notes 1) For delta and T-connected capacitor units according to Figu,res 5b and SC the test voltage for terminals-to-case shall be the appropriate test voltage for the Y-capacitors. 2) For lot-by-lot tests of class Y2-, Y3- and Y4-capacitors the a.c. test voltage may be replaced by a d.c. voltage of 1,s times the prescribed a.c. voltage. 4.2.1.4 Reauirement There shall be no permanent breakdown or flashover during the test period. 4.2.2 Capacitance See Subclause 4.7 of IEC Publication 384-l with the following details: 4.2.2.1 Measuring conditions The capacitance measured shall be the series equivalent capacitance. The measuring frequency shall be 1 kHz.
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The measuring voltage shall not exceed the rated voltage. For ceramic
capacitors the measuring voltage shall be 1,O V f 0,2 V. As the rated capacitance of ceramic capacitors, as measured above, is the small-signal capacitance, the manufacturer shall supply the following information for ceramic capacitors: (i) The maximum expected SO/60 Hz current through the capacitor at rated voltage taking into account capacitance tolerance and temperature characteristic of capacitance.

(ii) The miminum expected capacitance taking into account capacitance tolerance and temperature characteristic of capacitance.

4.2.2.2 Reauirements
The capacitance value shall be within the specified tolerance.

4.2.3

Tangent of loss angle This test is normally required for metallized and ceramic capacitors only. See Subclause 4.8 of IEC Publication 384-l with the following details: The measuring CR > 1 pF. frequency shall be 10 kHz for CR 5 1 PF and 1 kHz for

4.2.4

Resistance

(Equivalent Series Resistance ESRl (for RC-units only)

The ESR shall be measured in a series equivalent circuit at the following frequency: 100 kHz for RR x CR < 50 us 1kHz for RR x CR 1 50 ps where RR is the rated resistance in ohms, and CR is the rated capacitance in farads.

4.2.5

Insulation resistance See Subclause 4.5 of IEC Publication 384-l with the following details:

4.2.5.1 Temnerature correction When prescribed in the detail specification the temperature at which the measurement is made shall be noted. -If this temperature differs from 20 'C, a correction shall be made to the measured value by multiplying it by the appropriate correction factor prescribed in the sectional specification for the relevant dielectric, or given in the detail specification. 4.2.5.2 Requirements The insulation resistance shall exceed the values of Table IX or Table X 88 .appropriate.
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'IECQC 302400:1993 TABLE IX - Insulation resistance Safety tests only

Test A When CR > 0,33 pF RC in s 2 000 6) When CR 5 0,33 pF R in Mn 6 000

Test B or C R in MR

6 000

TABLE X - Insulation resistance Safety and performance tests

Test A Dielectric When CR > 0,33 pF RC in 8 Papers)* 6, Plastic Ceramic 2 000 5 000 When CR 5 0,33 pF R in Ma 6 000 15 000 6 000

Test B or C R in Mfl

6 000 30 000 3 000

Notes to Tables IX and X 1) In the tables above, CR is the rated capacitance and R the measured insulation resistance. may be given in the 2) Limits more severe and related to the d.ielectric detail specification for performance tests only, where possible by reference to the appropriate IEC Publication. 3) For'capacitors having one termination.connected to the case, the insulation resistance limits for Test A shall be used. measurement shall be carried 4) For capacitors with a discharge resistor., out iith the discharge resistor disconnected. If the resistor cannot be disconnected without the capacitor being destroyed, the test shall be omitted in Group A; and for qualification approval and periodic tests, the test shall be carried out on half of the specimens in the sample, which shall consist of capacitors specially made without discharge resistors. 5) Also for mixed plastic/paper dielectrics. 6) For capacitors with ester-impregnated paper dielectric, the values in the last three columns'of the table shall be replaced respectively by the'values 500, 1 500 and 2 000. 4.3 Robustness of terminations See Subclause 4.13 of IEC Publication 384-l with the following details:
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IS QC 302400:1994 IECQC 382400:1993 The test method and degree of severity to be used shall be specified in the detail specification. The test for snap-in contacts shall be specified in the detail specification; the test methods and severity shall comply with the applicable parts of IEC Publication 760 or IEC Publication 685. 4.4 Resistance to soldering heat This test is not applicable to capacitors with insulated leads longer than 10 mm, or to capacitors with terminations not intended to be soldered (such as screw and fast-on terminations). See Subclause 4.14 of IEC Publication 384-l with the following details: 4.4.1 Test conditions There shall be no pre-drying. 4.4.2 Final inspection, measurements and requirements

The final measurements af.ter this test are the intermediate measurements after the tests of Sub-group 1A and before the remainder of the tests of Group 1. The capacitors shall be visually examined and measured and shall meet the requirements of Table XI. TABLE XI

Inspection or measurement Visual examination Capacitance

Inspection or measuring method Subclause 4.1

Requirement

No visible damage

Subclause 4.2.2

The difference between the capacitance measured finally and in Group "0" of Table II or Table III shall not ,exceed 5 X*)
I

Resistance (if applicable)

Subclause 4.2.4

AR/R' 5 5 %
I

*> For ceramic capacitors the capacitance difference shall not exceed 10 2. 4.5 Solderability This test is not applicable to capacitors with terminations not intended for soldering (such as screw terminations and snap-in contacts). See Subclause 4.15 of IEC Publication 384-1, with the following details:

IS Qc: 302400:1994 IECQC _302400:1993 4.5.1 Test conditions No ageing is required. When Method 2 is used, a soldering iron of size A shall be used. 4.5.2 4.6 The requirements are given in Table V. Rapid change of temperature See Subclause 4.16 of IEC Publication 384-l with the following details: Number of cycles: five. Duration of exposure at the temperature limits: 30 min. 4.6.1 Final inspection The capacitors shall be visually examined and there shall be no visible damage. 4.7 Vibration See Subclause 4.17 of IEC Publication 384-l with the following details: 4.7.1 Test conditions Procedure B4 and the following degree of severity of test F, apply: 0,75 mm displacement or 98 m/s2, whichever is the lower amplitude, over one of the following frequency ranges: 10 Hz to 55 Hz, 10 Hz to 500 Hz, 10 Hz to 2 000 Hz. The total duration shall be 6 h. The detail specification shall prescribe the frequency range and shall also prescribe the mounting method to be used. For capacitors with axial leads which are intended to be mounted by the leads, the distance between the body and the mounting point shall be 6 mm f 1 mm. 4.7.2 Final inspection The capacitors shall be visually examined and there shall be no visible damage. 4.8 Bump The detail specification applies. shall state whether the bump or the shock test

See Subclause 4.18 of IEC Publication 384-1, with the following details: 4.8.1 Test conditions The following are the preferred severities:

IS QC 302400:1994 IE(:Qc: 302400:1993 Total number of bumps: 1 000 or 4 000 Acceleration: 390
m/s2

(40 g)

Pulse duration: 6 ms The mounting method and the severity shall be specified in the detail specification. 4.8.2 Final inspection, measurements and requirements

The final measurements after this test are the intermediate measurements after the tests of Sub-group 1B and before the remainder of the tests of Group 1. The capacitors shall be visually examined and measured and shall meet the following requirements: There shall be no visible damage. The change of capacitance compared with the value measured in Group "0" of Table III shall not exceed 5 X except for ceramic capacitors where it shall not exceed 10 X. The change of resistance (if applicable) shall not exceed the limit in Table XII. 4.9 Shock The detail specification shall state whether the bump or the shock test applies. See Subclause 4.19 of IEC Publication 384-1, with the following details: 4.9.1 Test conditions The following severities are preferred: Pulse-shape: half sine wave

Peak acceleration (m/s2(g))

Corresponding duration of the pulse (ms)
11 6

I
4.9.2

490 (50) 981 (100)

The mounting method, the severity and the number of shocks along each axis shall be specified in the detail specification. Final inspection. measurements and requirements

The final measurements after this test are the intermediate measurements after the tests of Sub-group 1B and before the remainder of the tests of Group 1.
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IS YC 302400:1994 IEC()C 302400:1993 The capacitors shall be visually examined and measured and shall meet the following requirements: There shall be no visible damage. The change of capacitance compared with the value measured in Group "0" of Table III shall not exceed 5 X except for ceramic capacitors where it shall not exceed 10 X. The change of resistance (if applicable) shall not exceed the limit in Table XII.
4.10

Container sealing This test is applicable only if prescribed in the detail specification. See Subclause 4.20 of IEC Publication 384-l with the following details:

4.10.1

Test conditions The capacitors shall be subjected to either test Qc or to test Qd of IEC Publication 68-2-17, as appropriate. Unless otherwise specified in the detail specification, Method 1 shall be used when Test Qc is employed.

4.10.2

Requirements During or after the test, as applicable, there shall be no evidence of leakage.

4.11

Climatic sequence See Subclause 2.21 of IEC Publication 384-l with the following details:

4.11.1

Initial measurements The initial measurements for the climatic sequence are the measurements made in Subclauses 4.4.2, 4.8.2 or 4.9.2 as appropriate.

4.11.2

Dry heat See Subclause 4.21.2 of IEC Publication 384-l with the following details: No measurements are required at the upper category temperature.

4.11.3

Damp heat, cyclic, Test Db. first cycle See Subclause 4.21.3 of IEC Publication 384-l.

4.11.4

Cold See Subclause 4.21.4 of IEC Publication 384-l with the following details: No measurements are required at the lower category temperature.
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IS QC 302400:1994 IECQC 302400:1993 4.11.5 Dame heat, cyclic, Test Db, remaining cycles See Subclause 4.21.6 of IEC Publication 384-l. 4.11.6 Final inspection, measurements and requirements

See Subclause 4.21.7 of IEC Publication 384-1, with the following details: Recovery shall be for 24 h f 2 h under standard atmospheric conditions for testing. After recovery, the capacitors shall be visually examined and measured shall meet the requirements of Table XII. TABLE XII and

Inspection or measurement Visual examination Capacitance

Inspection or measuring method Subclause 4.1

Requirement

No visible damage. The marking shall be legible. The final capacitance value shall be within 5 %*I of the value measured in Subclause 4.4.2, 4.8.2 or 4.9.2 as applicable. The increase of tan 6 over the value measured in Group "0" shall not exceed: 0,008 for CR 5 1 uF 0,005 for CR > 1 )IF
5

Subclause 4.2.2

Tangent of loss angle (metallized capacitors only) Resistance (if applicable) Voltage proof

Subclause 4.2.3

Subclause 4.2.4
I

I

55%

Subclause 4.2.1

Test voltage as in Table VIII. No permanent breakdown or flashover is permitted. Greater than 50 X of the applicable limits of Table IX or Table X.

Insulation resistance

Subclause 4.2.5

*) For ceramic capacitors the capacitance difference shall not exceed 10 X. 4.12 Damp heat, steady state See Subclause 4.22 of IEC Publication 384-1, with the following details: 4.12.1 Initial measurements Initial measurements have been made in Group "0" of Table II or Table III.
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IS QC: 302400 : 1994 1%: QC 302408 : 1993 4.12.2 Test conditions made on ceramic capacitors, applied and the other half no voltage and shall half shall of the sample shall have have no voltage applied. during the test.

When the test is the rated voltage For 4.12.3 Final Recovery testing. After shall all other inspection, shall be

capacitors,

be applied

measurements for 1 h to

requirements standard atmospheric conditions for

2 h under

recovery meet the

the capacitors requirements

of

shall be visually Table XIII. TABLE XIII

examined

and measured

and

Inspection measurement Visual examination C,apacitance

or

Inspection measuring Subclause I Subclause

or method 4.1

Requirement

No visible damage. The marking shall be

legible.

4.2.2

The final capacitance value shall be within 5 X*) of the value in Group "0" of Table II or Table III as applicable. The increase of tan 6 over the value measured in Group "0" shall not exceed: 0,008 for CR 5 1 uF 0,005 for CR > 1 uF

Tangent of loss angle (metallized capacitors only > Resistance (if applicable) Voltage proof

Subclause

4.2.3

Subclause

4.2.4

I IF

<5x as in Table VIII. breakdown or permitted. the Table

Subclause

4.2.1

Test voltage No permanent flashover is

Insulation resistance

Subclause

4.2.5

Greater than 50 X of applicable limits of or Table X.

IX

k) For 4.13 `Impulse

ceramic voltage is in

capacitors

the

capacitance

difference

shall

not

exceed

15 X.

This test described

to be carried out Subclause 4.14.

as

a sequence

with

the

endurance

test

ISQC 302400:1994 IECQC 302400:1993 4.13.1 Initial measurements Initial measurements have been made in Group "0' of Table II or Table III. 4.13.2 Test conditions Capacitors except for those of sub-classes X3 and Y3, shall be submitted to an impulse voltage test with a full wave similar to that described in IEC Publication 60-2, Clause lb. Each individual capacitor shall be subjected to a maximum of 24 impulses of the same polarity. The time between impulses shall not be less than 10 s. The peak value of the voltage impulse shall be as given in Tables IA and IB. If any three successive impulses are shown by the monitor to have had a waveform indicating that no self-healing breakdowns or flashovers have taken place in the capacitor then no further impulses shall be applied and the capac,itor shall be counted as passed. If all 24 impulses have been applied to the capacitor and three or more of them are of a waveform indicating that no self-healing breakdowns or flashovers have occurred then the capacitor shall be counted as passed, but if less than three impulses are of the required waveform then the capacitor shall be counted as a defective. If the waveform shows a damped oscillation the peak-to-peak value of this oscillation Upp shall not be greater than 10 X of the peak voltage of the impulse UCR. See Figure 6. The waveform will be determined by the test circuit parameters. Details of the test circuit are given in Annex A.

time

Fig. 6 - Impulse wave form. 4.13.3 Requirements There shall be no permanent breakdown or flashover. 4.14. Endurance This test shall be started within one week of the completion of the Impulse Voltage test. See Subclause 4.23 of IEC Publication 384-l with the following details: 4.14.1 Test conditions The capacitors shall be placed in the test chamber in such a manner capacitor is within 25 mm of any other capacitor. 42
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1s y<: 302400:1994 IECQC 30240:1993 As an exception, when the width or diameter of the capacitor is less than 25 mm, then the distance between the capacitors may be reduced to the value of this width or diameter, provided that this causes no extra heating of the capacitors. In case of doubt the 25 mm spacing shall be used. The capacitors shall not be heated by direct radiation and the circulation of the air in the chamber shall be adequate to prevent the temperature from exceeding k3 'C of the specified temperature at any point where capacitors are placed. Note. -A fuse or other device of suitable sensitivity may be connected in the circuit of each capacitor to indicate if failure occurs. Sampling The sample for the endurance test shall be divided if necessary into two or three parts according to the numbers given in Table II, Table III or Table VIB, so that separate tests may be carried out on the X-capacitors, the Y-capacitors and the lead-through arrangements. For example, when testing delta capacitor units (see Subclause 1.5.9), 12 capacitor units shall be tested according to Subclause 4.14.3 and another 12 units according to Subclause 4.14.4. When testing a Class Y leadthrough capacitor (see Subclause 1.5.8) 12 capacitors shall be tested according to Subclause 4.14.4 and 6 units according to Subclause 4.14.5. 4.14.2 Initial measurements Initial measurements have been made in Subclause 4.13.1. containing Class X capacitors

4.14.3 Endurance for Class X capacitors and K-units

For multi-section capacitors, all X-sections shall be tested in parallel, if necessary by shorting out any Y-sections. For T-connected capacitors (see Subclause 1.5.9) the test shall be carried out between the terminals normally connected to line and neutral. The capacitors shall be submitted to an endurance test of 1 000 h at--upper category temperature at a voltage of 1,25 UE except that once every hour the voltage shall be increased to 1 000 V r.m.s. for 0,l s. Each of these voltages shall be applied to each capacitor individually through a resistor of 47 Q f 5 X. The suitable circuit is shown in Annex B. Note. -The value of this resistor is chosen to simulate the highfrequency impedance of the supply mains. The test circuit should be designed so that voltage transients and current surges are avoided during switching. This may be achieved by discharging the capacitor before switching to the new voltage provided that the total time taken to change over to 1 000 V r.m.s. and back does not exceed 30 s.
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4.14.4 Endurance for Class Y canacitors and RC-units containing Class Y capacitors For multi-section capacitors, all Y-sections shall be tested in parallel, if necessary by shorting out any X-sections. For T-connected capacitors (see Subclause 1.5.9) the terminals normally connected to line and neutral shall be shorted and the test shall be carried out between them and the terminal normally connected to earth. The capacitors shall be submitted to an endurance test of 1 000 h at upper category temperature at a voltage of 1,7 UR, except that once every hour the voltage shall be increased to 1 000 V r.m.s. for 0,l s. Each of these voltages shall be applied to each capacitor individually through a resistor of 47 Q f 5 X. The test circuit is shown in Annex B. The test circuit should be designed so that voltage transients and current surges are avoided during switching. This may be achieved by discharging the capacitor before switching to the new voltage provided that the total time taken to change over the 1 000 V r.m.s. and back does not exceed 30 s. 4.14.5 Endurance for the lead-through arrangements In addition to the endurance tests of the capacitors according to ,Subclauses 4.14.3 and 4.14.4, the current-carrying capacity of the lead-through arrangements shall be tested. All the lead-through wires shall be connected in series and the capacitors submitted to an endurance test of 1 000 h with a current of 1,l IR passing through the lead-through wires. During this test no voltage is applied to the capacitor dielectric. The capacitors shall be mounted in the manner specified by the manufacturer and the oven shall be stabilized at the rated temperature without current passing through the capacitors. The current shall then be switched on and the time counted from this moment. After thermal stability has been re-established the case temperature of one of the capacitors shall be measured. It shall not exceed the upper category temperature. 4.14.6 Test conditions - combined voltage/current tests For some types of capacitor, such as coaxial lead-through capacitors, it is

possible without difficulty to apply both test voltage and current to the capacitor at the same time. If prescribed in the detail specification a combined endurance test of 1 000 h may be carried out instead of the tests of Subclause 4.14.3 (or Subclause 4.14.4) and Subclause 4.14.5 using the number of specimens appropriate for the test of Subclause 4.14.3 (or Subclause 4.14.4) and 1,l times the rated current flowing through the leadthrough arrangements.

The case temperature of one of the capacitors shall be measured as in Subclause 4.14.5. It shall not exceed the upper category temperature.
4.14.7 Final inspection, measurements and requirements

The capacitors shall be visually examined and measured in the order given in Table XIV.
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Inspection or measurement Visual examination Capacitance

Inspection or measuring method Subclause 4.1

Requirement

No visible damage.

Subclause 4.2.2

The final capacitance values shall be within 10 X*) of the value in Group "0" of Table II or Table III as applicable. The increase of tan 6 over the value measured in Group "0" shall not exceed: 0,008 for CR 5 1 pF 0,005 for CR > 1 pF
f 510%

Tangent of loss angle (metallized capacitors only)

Subclause 4.2.3

Resistance (if applicable) Voltage proof

Subclause 4.2.4
I

I

Subclause 4.2.1

Test voltage as in Table VIII. No permanent breakdown or flashover is permitted. Greater than 50 X of the applicable limits of Table IX or Table X.

Insulation resistance

Subclause 4.2.5

*) For ceramic capacitors the capacitance difference shall not exceed 20 X. 4.15 Charge and discharge This test is applicable only to metallized capacitors, ceramic capacitors and RC-units using such capacitors. See Subclause 4.27 of IEC Publication 384-l with the following details: 4.15.1 Initial measurements Initial measurements have been made in Group "0" of Table II or Table III. In addition, except for RC-units-tan 6 shall be measured according to Subclause 4.8 of IEC Publication 384-l with the following details:
CR:

5 1 PF
10 kHz 1 V r.m.s. max.

CR:

> 1 PF

Frequency: Voltage:

Frequency:

1kHz

Peak voltage: 5 3 X of rated voltage

4.15.2 Test conditions The capacitors shall be subjected to 10 000 cycles of charge and discharge at the rate of approximately one operation per second.
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1SQC 302400:1994 EC QC 302400:1993 Each cycle shall consist of charging and discharging the capacitor. and for For a.c. rated capacitors the test voltage shall be 42XUR d.c. capacitors the test voltage shall be UR. Each capacitor shall be individually charged by applying the test voltage through a resistor with the value 220 x 10-6 CR o

or the value required to limit the charge current to 1 A (or to the higher current value given in the detail specification) whichever resistance value is the greater. Each capacitor shall be individually discharged through a resistor of such a value that the maximum rate of change of voltage (dU/dt) shall

be approximately 100 V/Ps. For RC-units, if it is impossible to achieve a discharge rate of 100 V/W, the RC-unit shall be discharged through a short circuit.
The circuit is given in Annex C. 4.15.3 Final measurements

and requirements

The capacitor shall be measured and shall meet the requirements of Table

xv.
TABLE XV

Inspection or measurement Capacitance

Inspection or measuring method Subclause 4.2.2

Requirement

The final capacitance value shall be within 10 %*) of the

value measured in Group `O" of Table II or Table III as applicable. Tan 6 for
CR~lpF

Subclause 4.15.1

f = 10 k.Hz (if applicable) Tan 6 for CR>lpF f.l~z (if applicable) Resistance (if applicable) hwl.lation Resistance Subclause 4.1S.1

The increase of tan 6 over the value measured in Subclause 4.15.1 shall not exceed 80 x 10-4. The increase of tan 6 over the value measured in Subclause 4.i5.i shall not exceed 50 x 10-4.

Subclause 4.2.4

M<log H RGreater than 50 % of the applicable limits of Table IX or Table X .

Subclause 4.2.5

mic capacitors the capacitance difference shall not exceed 20 Z.
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ISQC 302400:1994 IECQC 302400:1993 4.16 Radio-frequency characteristics The detail specification may prescribe measuring methods and requirements for one or more of the following radio-frequency characteristics: - the main resonant frequency of the capacitor; - insertion loss (the methods of CISPR Publication 17 shall be used where possible); - resistance at resonant frequency; - impedance of the capacitor; - inductance of the capacitor. 4.17 Passive flammability test See Subclause 4.38 of IEC Publication 384-1, with the following details: No preconditioning is required. The test shall be carried out on 6 to 18 specimens, depending on the number of case sizes tested. The smallest, a medium (in the case of more than four case sizes in the range to be qualified) and the largest case size in the range to be qualified shall be tested. For each case size three specimens each of the highest and lowest capacitance values of the range to be qualified shall be tested. The.flame shall be applied for the period of time specified in the generic specification corresponding to the volume of the specimen and the category of flasnnability specified in the detail specification. If there is no detail specification then the test shall be carried out as for category C. 4.17.1 Requirements The burning time specified in the generic specification shall not be exceeded by any specimen. The tissue paper shall not ignite. No electric-1 measurements are required. 4.18 Active flammability'test Under consideration. See Amendment to IEC Publication 384-l& Document 40(Secretariat)677. 4.19 Component solvent resistance (if applicable) See IEC Publication 384-1, Subclause 4.31. The detail specification shall specify whether tests solvents additional to those specified in the gene 4.19.1 Requirements The requirements shall be specified in the detaiA specirice,
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302400:1994 Solvent resistance of the markinq

IEC QC 302400: 1993

See IEC Publication 384-1, Subclause 4.32. The detail specification shall specify whether tests are required using solvents additional to those specified in the generic specification. 4.20.1 Requirements The marking shall be legible.
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ANNEXA Circuit for the impulse voltage test

The test prescribed in Subclause 4.13 shall be carried out using the circuit of Figure 7.

Fig. 7 - Impulse voltage test circuit. CT CP CX EL BS BP u0 = = = = = charging (or tank) capacitor parallel capacitor capacitor under test loading resistor series resistor, or charging resistor parallel resistor, or discharging resistor direct voltage source TABLE XVI

Nominal value of CX (pF) CX 0,0039 < CX 0,012 < CX 0,018 < Cx 0,027 0,039 0,056 0,082 0,12 < < < < < CX CX CX CX CX CX < 7 7 z 0,0039 0,012 0,018 0,027

(Z) 0,25 0,25 0,25 0,25 20 20 20 20 20 20

EP (a) 234 234 234 234 3 3. 3 3 3 3

RS (Q) 62 45 27 27 25 13 9 7 5 3

CP (PF) 7 800 7 800 7 800

< 0,039 7 0,056 7 0,082 7 0,12 7 0,18 '? 0,18

3 3 3 3 3 3

300 300 300 300 300 300

Before use the functioning of the circuit shall be checked using CX values of 0,Ol pF and 0,l pF, and the values for the other circuit elements as given in Table XVI. The rise time t, and decay time td shall be within 0 + 50 X of the values given below:
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ISQC 302400:1994 IECQC 302400:1993 ANNEXB Circuit for the endurance test

The test prescribed circuit:

in Subclause 4.14 shall be carried out with the following

1 000 or

V a.c.

1,25 UB a.c. 187 UE Common I

Fig. 8 - Endurance test circuit.
CX - capacitor under test.

The part of the circuit for discharging the capacitor may be omitted if the switching between the two supplies is arranged to take place at the zero voltage point on the sinusoidal wave. When the discharging circuit is used the switching shall be arranged in the following sequence for each occasion when the 1 000 V is applied: 1. Switch from position A to position B. Time for switching and remaining on position B is tl. 2. Switch from position B to position C. Time for switching and remaining on position C is t2. Time on position C is 0,l s. 3. Switch from.position C to position B. Time for switching and remaining on position B is t3. 4. Switch from position B to position A. Time for switching is t4. For any capacitor under test the following condition must be fulfilled: t1 + t2 + t3 + t4 5 30 s.
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ANNEX C Circuit for the charge and discharge test

The test prescribed in Subclause 4.15 shall be carried out with the following circuit:

Rl

EC
S R2

U

CX

Xl

X2

Fig. 9 - Charge and discharge test circuit.
CX

= capacitor under test = current-limiting
= current-limiting

Rl
R2
S-

resistor (discharge) resistor (charge)

- switching device = test voltage

U

x1, x2 = terminals for oscilloscope connection to observe the maximum rate of
change of voltage
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